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STATUS --- 

The a d v a n c e d  e v a l u a t i o n  o f  p r o m i s i n g  c o m p o s i t i o n s  and  

t e m p e r s  ( P h a s e  111) i s  n e a r i n g  c o m p l e t i o n ,  a s  shown i n  T a b l e  1. 

Items of t h e  two a l l o y s  b e i n g  f a b r i c a t e d  a t  A l c o a ' s  D a v e n p o r t  

P l a n t  (M825 and  M826) h a v e  been a r r i v i n g  s i n c e  a b o u t  J u n e  6 .  

The p r o p o s e d  work s c h e d u l e  f o r  e v a l u a t i o n  o f  t h e  m a t e r i a l  i s  

g i v e n  i n  T a b l e  11. 

------------- E x a m i n a t i o n  of t h e  M i c r o s t r u c t u r e  ---- 

T h i s  r e s e a r c h  program h a s  s u b s t a n t i a t e d  t h e  f i n d i n g s  

, o f  p r e v i o u s  i n v e s t i g a t o r s  on Ithe e f f e c t  of Cd a n d / o r  Sn  on t h e  
- 

p r o p e r t i e s  of  2000  s e r i e s  a l l o y s . /  

a s  f o l l o w s .  F i r s t ,  t h e s e  a d d i t i o n s  i n c r e a s e  t h e  s t r e n g t h .  

S e c o n d ,  s t r e t c h i n g  b e f o r e  a g i n g  r e d u c e s  t h e  s t r e n g t h s  a c h i e v e d .  

T h i r d ,  a s h o r t  a g i n g  t r e a t m e n t  b e f o r e  s t r e t c h i n g  and  a g i n g  

( p r e - a g i n g )  r e s u l t s  i n  a p a r t i a l  r e s t o r a t i o n  of  t h e  s t r e n g t h s  

t o  t h e  l e v e l  a c h i e v e d  w i t h  no s t r e t c h i n g .  

T h r e e  o f  t h e  main p o i n t s  a r e  

A t e n t a t i v e  e x p l a n a t i o n  o f  t h e s e  e f f e c t s  h a s  been  

a t t e m p t e d ,  b a s e d  o n  i n f o r m a t i o n  o b t a i n e d  f r o m  s t u d i e s  w i t h  t h e  

e l e c t r o n  m i c r o s c o p e .  Such  s t u d i e s *  have  shown t h a t  when 2219 

i s  aged  w i t h o u t  i n t e r m e d i a t e  d e f o r m a t i o n ,  t h e  s t r u c t u r e  c o n s i s t s  

e n t i r e l y  o f  z o n e s  ( F i g u r e  1). With  a s m a l l  amount of  d e f o r m a t i o n  

*Un pub 1 i s  hed i n f o  rma t i o  n : A1 c o a Re s e a r c h  La b o r a  t o r  i e  s R e p o r t  
No. 13-64-6 ;  May 6 ,  1964; G .  R .  F r a n k ,  Jr. 
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(1 1/2%) p r i o r  t o  a g i n g ,  t h e  s t r e n g t h s  a r e  i n c r e a s e d  s l i g h t l y  and  

a s m a l l  number of p r e c i p i t a t e  p l a t e l e t s  a r e  formed ( F i g u r e  2 ) .  

W i t h  h i g h e r  amounts  of  d e f o r m a t i o n ,  t h e  s t r e n g t h  i n c r e a s e s  s t i l l  

f u r t h e r  and  t h e  d e n s i t y  o f  p l a t e l e t s  a l s o  i n c r e a s e s  ( F i g u r e  3 ) .  

I t  i s  a s sumed ,  t h e r e f o r e ,  t h a t  d e f o r m a t i o n  b e f o r e  a g i n g  p r o m o t e s  

t h e  f o r m a t i o n  of p r e c i p i t a t e  p l a t e l e t s  and t h e s e  p l a t e l e t s  i n c r e a s e  

t h e  s t r e n g t h .  A l s o ,  t h e  s t r e n g t h e n i n g  e f f e c t  f rom t h e  p l a t e l e t s  

i s  p r o p o r t i o n a l  t o  t h e  p l a t e l e t  s i z e  and d e n s i t y .  

U s i n g  t h e  i d e a s  shown a b o v e  f o r  2 2 1 9 ,  an e x p l a n a t i o n  

of  t h e  e f f e c t s  o b s e r v e d  i n  t h e  2 0 0 0  s e r i e s  a l l o y s  c o n t a i n i n g  

Cd and /o r  Sn w i l l  be a t t e m p t e d  by u s i n g  e l e c t r o n  m i c r o g r a p h s .  

A l l o y  2 2 1 9  + Cd + Sn (M825) was s t u d i e d  s i n c e  i t  h a s  been  

s e l e c t e d  f o r  f u r t h e r  e v a l u a t i o n  u n d e r  t h i s  c o n t r a c t .  F o r  

any  i n t e n s i v e  i n v e s t i g a t i o n  of t h e s e  e f f e c t s ,  i t  would  be  b e s t  

t o  u s e  2219  + Cd b e c a u s e  t h e  e f f e c t s  of s t r e t c h i n g  a r e  more 

d r a s t i c  i n  t h i s  a l l o y .  

The e f f e c t s  o b s e r v e d  f o r  2219  + Cd + Sn can  b e  

e x p l a i n e d  u s i n g  t h e  i d e a s  b r o u g h t  o u t  a b o v e  f o r  2219.  F i g u r e  4 

shows t h e  a d d i t i o n  o f  Cd + Sn p r o d u c e s  a d e n s e  d i s t r i b u t i o n  o f  

f i n e  p r e c i p i t a t e  p l a t e l e t s .  When de fo rmed  a s m a l l  amount b e f o r e  

a g i n g ,  t h e  p l a t e l e t s  become l a r g e r  and  l e s s  numerous ( F i g u r e  5’). 

P r e - a g i n g  b e f o r e  s t r e t c h i n g  and a g i n g  r e s u l t s  i n  a s m a l l e r  

p r e c i p i t a t e  i n  a more d e n s e  d i s t r i b u t i o n  ( F i g u r e  6). T h e s e  

o b s e r v a t i o n s  t i e  i n  w e l l  w i t h  t h e  p o s t u l a t e  t h a t  t h e  s t r e n g t h  

i s  d e p e n d a n t  on t h e  s i z e  and d e n s i t y  of t h e  p r e c i p i t a t e  p l a t e l e t s .  

O p t i c a l  m i c r o g r a p h s  o f  two t e m p e r s  o f  2219 + Cd + Sn 

a r e  shown i n  F i g u r e s  7 and 8 ,  No n o t i c e a b l e  d i f f e r e n c e  i n  

m i c r o s t r u c t u r e  c a n  b e  s e e n  be tween t h e  two t e m p e r s ,  
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The a b o v e  s u g g e s t i o n s  a r e  o n l y  t e m p o r a r y .  Work w i l l  

c o n t i n u e  i n  a n  a t t e m p t  t o  u n d e r s t a n d  t h e  phenomena o b s e r v e d  i n  

t h e s e  2 0 0 0  s e r i e s  a l l o y s  c o n t a i n i n g  Cd a n d / o r  Sn .  

----__- 7000 S E R I E S  

T e n s i l e  p r o p e r t i e s  h a v e  been  d e t e r m i n e d  a t  t e s t i n g  

t e m p e r a t u r e s  t o  -423OF f o r  s e v e r a l  c o m p o s i t i o n - t e m p e r  

c o m b i n a t i o n s  o f  t h e  7000 s e r i e s  a l l o y s  ( T a b l e  IV). T h e s e  

p r o p e r t i e s  a r e  p l o t t e d  a g a i n s t  t e s t i n g  t e m p e r a t u r e  i n  F i g u r e  9 .  

The e l o n g a t i o n  g r a d u a l l y  d e c r e a s e s  w i t h  d e c r e a s i n g  t e s t i n g  

t e m p e r a t u r e s  w h i l e  t h e  s t r e n g t h  i n c r e a s e s .  The s t r e n g t h  and  

e l o n g a t i o n  c u r v e s  a r e  q u i t e  s i m i l a r  for a l l  c o m p o s i t i o n - t e m p e r  

c o m b i n a t i o n s .  

The n o t c h  t o u g h n e s s  of  t h e  b e s t  c o m b i n a t i o n s  of  

c o m p o s i t i o n  and  temper f o r  t h e s e  7000 s e r i e s  a l l o y s  m e e t s  o r  c l o s e l y  

a p p r o a c h e s  t h e  c o n t r a c t  g o a l s .  A t  room t e m p e r a t u r e  t h e  n o t c h  

s t r e n g t h  r a t i o  i s  much h i g h e r  t h a n  t h e  e s t a b l i s h e d  minimum g o a l  

o f  1.0. The n o t c h  s t r e n g t h  r a t i o  d e c r e a s e s  r a p i d l y  w i t h  

d e c r e a s i n g  t e s t i n g  t e m p e r a t u r e ,  b u t  a t  -423OF t h e  r a t i o  i s  s t i l l  

a p p r o x i m a t e l y  e q u a l  t o  t h e  c o n t r a c t  m i n i m u m  g o a l  o f  0 . 9 .  

T a b l e  I V  shows i t  i s  p o s s i b l e  t o  a p p r o a c h  t h e  m i n i m u m  

g o a l s  of  s t r e n g t h  and  n o t c h  t o u g h n e s s  w i t h - a  7000 s e r i e s  a l l o y .  

Ag ing  p r a c t i c e  -K f o r  M793 d e v e l o p s  s t r e n g t h s  e q u a l  t o  t h e  

m i n i m u m  s t r e n g t h  g o a l s  (TS = 75 k s i ,  YS = 65 k s i )  and  n o t c h  

t o u g h n e s s  e s s e n t i a l l y  e q u a l  t o  t h e  m i n i m u m  n o t c h  s t r e n g t h  r a t i o  

o f  0 . 9 .  By a g i n g  t o  a s l i g h t l y  l o w e r  s t r e n g t h  i t  i s  p o s s i b l e  t o  

a c h i e v e  n o t c h  t e n s i l e  r a t i o s  o f  0.98 ( a g i n g  p r a c t i c e  -J). 
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F i g u r e  10 compares  t h e  t e n s i l e  p r o p e r t i e s  of  t h e  2000 

and  7000 s e r i e s  a l l o y s  a s  a f u n c t i o n  of  t e s t i n g  t e m p e r a t u r e .  

C o m p o s i t i o n s  and  t e m p e r s  w i t h  e q u a l  s t r e n g t h s  were compared .  

The m a j o r  d i f f e r e n c e  be tween  t h e  two t y p e s  of a l l o y s  i s  t h e  

l o w e r  t e m p e r a t u r e  s e n s i t i v i t y  of  t h e  n o t c h  t o u g h n e s s  f o r  t h e  2000 

s e r i e s  a l l o y s ,  Even t h o u g h  t h e r e  i s  t h i s  g r e a t  d i f f e r e n c e ,  

b o t h  t y p e s  of  a l l o y s  have  s u f f i c i e n t  n o t c h  t o u g h n e s s  t o  meet t h e  

m i n i m u m  n o t c h  t o u g h n e s s  g o a l s .  

F i g u r e  10 a l s o  shows t h e  f o l l o w i n g  m i n o r  d i f f e r e n c e s  

be tween  t h e  2000 and 7000 s e r i e s  a l l o y s .  The e l o n g a t i o n  o f  t h e  

7000 s e r i e s  a l l o y s  g r a d u a l l y  d e c r e a s e s  w i t h  d e c r e a s i n g  t e s t i n g  

t e m p e r a t u r e ,  w h i l e  t h e  e l o n g a t i o n  of  t h e  2000  s e r i e s  a l l o y s  

r e m a i n s  above  t h e  room t e m p e r a t u r e  l e v e l  f o r  t h e  l o w e r  t e m p e r a -  

t u r e s .  The i n c r e a s e  i n  t e n s i l e  s t r e n g t h  w i t h  d e c r e a s i n g  t e s t i n g  

t e m p e r a t u r e  i s  g r e a t e r  f o r  t h e  7000 s e r i e s  a l l o y s .  

E f f e c t  o f  A q i n q  T r e a t m e n t  

I n  P r o g r e s s  R e p o r t  No. 8 t h e  e f f e c t  o f  a g i n g  t r e a t m e n t  

on n o t c h  t o u g h n e s s  was r e p o r t e d ,  b u t  a d d i t i o n a l  work was needed  

t o  c l a r i f y  c e r t a i n  p o i n t s .  New d a t a  h a v e  b e e n  o b t a i n e d  ( T a b l e  V) 

and  w i l l  be  c o n s i d e r e d  a l o n g  w i t h  t h e  o l d  d a t a  i n  an  a t t e m p t  t o  

c l a r i f y  s e v e r a l  p o i n t s  

The f i r s t  p o i n t  s t u d i e d  was a c o m p a r i s o n  of  t h e  n o t c h  

t o u g h n e s s  of  e q u a l  s t r e n g t h  t e m p e r s  of  h i g h  and low s o l u t e  a l l o y s .  

The a l l o y s  used  w e r e  M790 ( 6 . 5  Zn ,  2 , 5  Mg) and  M792 (9 .0  Z n ,  2 .5  Mg). 

A summary of t h e  p e r t i n e n t  d a t a  i s  g i v e n  i n  T a b l e  V I .  The a g i n g  

c u r v e s  and t h e  n o t c h  s t r e n g t h  r a t i o - y i e l d  s t r e n g t h  c u r v e s  f o r  

M790 and M792 a r e  shown i n  F i g u r e  11, 
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The n o t c h  s t r e n g t h  r a t i o - y i e l d  s t r e n g t h  c u r v e  f o r  

M790 a p p e a r s  t o  l i e  s l i g h t l y  a b o v e  t h a t  f o r  M792, s u g g e s t i n g  

t h a n  a n  u n d e r a g e d  t e m p e r  o f  a h i g h  s o l u t e  a l l o y  may h a v e  l o w e r  

n o t c h  t o u g h n e s s  t h a n  t h e  f u l l y  a g e d  t e m p e r  o f  a l o w e r  s o l u t e  

a l l o y  h a v i n g  t h e  same y i e l d  s t r e n g t h .  

The s e c o n d  i n v e s t i g a t i o n  i n c l u d e d  a c o m p a r i s o n  o f  

t h e  n o t c h  t o u g h n e s s  o f  underaged  t e m p e r s  and o v e r a g e d  t e m p e r s .  

T a b l e  VI1 g i v e s  a summary of  t h e  d a t a  f o r  a g i n g  t r e a t m e n t s  

p r o v i d i n g  u n d e r a g i n g  and o v e r a g i n g  i n  a l l o y s  M790 and M792. 

F i g u r e  12 shows a g i n g  c u r v e s  and  n o t c h  s t r e n g t h  r a t i o s - y i e l d  

s t r e n g t h  c u r v e s  f o r  t h e  above a l l o y s .  

F i g u r e  12 shows t h a t  a t  peak  s t r e n g t h  or s l i g h t l y  b e y o n d ,  

t h e r e  i s  a d r o p  i n  n o t c h  t o u g h n e s s .  I t  i s  p o s s i b l e  t h a t  t h i s  

may be d u e  t o  t h e  f o r m a t i o n  o f  a t r a n s i t i o n  p r e c i p i t a t e  p h a s e  

w h i c h  h a s  b e e n  a s s o c i a t e d  w i t h  t h e  same g e n e r a l  p o s i t i o n  on t h e  

a g i n g  c u r v e .  The d a t a  a l s o  s u g g e s t  t h a t  w i t h  c o n s i d e r a b l e  

o v e r a g i n g ,  t h e  n o t c h  t o u g h n e s s  r i s e s  a b o v e  t h e  n o t c h  t o u g h n e s s  

of  unde raged  m a t e r i a l  of e q u a l  y i e l d  s t r e n g t h .  The a b o v e  

o b s e r v a t i o n s  a r e  b a s e d  on a l i m i t e d  amount of  d a t a ;  t h e r e f o r e ,  

a d d i t i o n a l  work would  be d e s i r a b l e .  

F i g u r e  13 c o n s o l i d a t e s  a l l  t h e  d a t a  o f  a g i n g  t r e a t m e n t  

v e r s u s  n o t c h  t o u g h n e s s  f o r  t h e  7000 s e r i e s  a l l o y s .  For a l l  f o u r  

a l l o y s ,  n o t c h  t o u g h n e s s  d e c r e a s e d  a s  t h e  y i e l d  s t r e n g t h  i n c r e a s e d .  

The two a l l o y s  c o n t a i n i n g  Z r  (M791 and  M793) have  h i g h e r  n o t c h  

t o u g h n e s s  t h a n  t h e  a l l o y s  w i t h o u t  Z r  (M790 and  M792). The c u r v e  

f o r  M792 w h i c h  was quenched  i n  1800~ w a t e r  and aged  a f t e r  s i x  

months ( 2 9 1 7 0 5 )  i s  l o w e r  t h a n  t h e  c u r v e  f o r  M792 which  was c o l d  

w a t e r  quenched  a n d  a g e d  a f t e r  t h r e e  d a y s  ( 2 9 1 7 0 7 ) .  T h i s  i s  
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a t t r i b u t e d  t o  t h e  l a r g e  l o s s  i n  s t r e n g t h  d u e  t o  t h e  s l o w e r  

c o o l i n g  r a t e  used  f o r  291705.  

E f f e c t  of Z r  on S t r u c t u r e  
---I----- 

The m i c r o s t r u c t u r e s  of  M790 ( 6 . 5  Z n ,  2 . 5  Mg) and  

M791 ( 6 . 5  Z n ,  2 . 5  Mg, 0.10 Z r )  h a v e  been  s t u d i e d ,  u s i n g  t h e  

e l e c t r o n  m i c r o s c o p e ,  t o  d e t e r m i n e  i n  wha t  way Z r  c h a n g e s  t h e  

m i c r o s t r u c t u r e  t o  improve  t h e  n o t c h  t o u g h n e s s .  F i g u r e s  14 
and 15 show t h e  m i c r o s t r u c t u r e  of M790 and  M791, r e s p e c t i v e l y .  

The mos t  s i g n i f i c a n t  e f f e c t  o f  Z r ,  a t  l e a s t  a s  shown by t h e  

m i c r o g r a p h s ,  i s  t h a t  i t  r e t a r d s  r e c r y s t a l l i z a t i o n .  

S i n c e  Z r  a f f e c t s  r e c r y s t a l l i z a t i o n ,  t h e  p rogram shown 

i n  T a b l e  V I 1 1  was c o n d u c t e d  t o  d e t e r m i n e  i f  n o t c h  t o u g h n e s s  

v a r i e d  w i t h  t h e  d e g r e e  o f  r e c r y s t a l l i z a t i o n .  V a r i o u s  d e g r e e s  

of  r e c r y s t a l l i z a t i o n  were a c h i e v e d  by v a r y i n g  t h e  s o l u t i o n  

h e a t  t r e a t i n g  (SHT) t e m p e r a t u r e .  M790 was i n c l u d e d  t o  d e t e r m i n e  

i f  n o t c h  t o u g h n e s s  i s  d e p e n d a n t  on t h e  SHT t e m p e r a t u r e .  T a b l e  V I 1 1  

shows t h a t  t h e  n o t c h  t o u g h n e s s  becomes p o o r e r  a s  t h e  SHT t e m p e r a -  

t u r e  i n c r e a s e s .  

The a l l o y s  c o n t a i n i n g  Z r  (M791 a n d  M793) were shown by 

X - r a y  p i n h o l e  e x a m i n a t i o n  t o  h a v e  v a r y i n g  d e g r e e s  of  r e c r y s t a l -  

l i z a t i o n .  The c h a n g e  i n  n o t c h  t o u g h n e s s  f o r  M793 i s  v e r y  s i m i l a r  

t o  t h e  c h a n g e  i n  M790, w h i l e  t h e  c h a n g e  f o r  M791 i s  o f  t h e  same 

s i g n  b u t  s m a l l e r  i n  m a g n i t u d e .  S i n c e  t h e  a l l o y s  w i t h  a change  i n  

d e g r e e  of r e c r y s t a l l i z a t i o n  a c t  much l i k e  t h e  a l l o y  w i t h  no 

c h a n g e  i n  d e g r e e  of r e c r y s t a l l i z a t i o n ,  i t  i s  assumed t h a t  t h e r e  

i s  l i t t l e  o r  no e f f e c t  of  d e g r e e  of  r e c r y s t a l l i z a t i o n  on n o t c h  

t o  ughne s s . 
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The m i c r o s t r u c t u r e  o f  2219 + Cd + Sn h a s  b e e n  s t u d i e d  

u s i n g  o p t i c a l  and  e l e c t r o n  m i c r o s c o p y .  T e n t a t i v e  e x p l a n a t i o n s  

o f  t h e  phenomena o b s e r v e d  i n  t h e s e  2000 s e r i e s  a l l o y s  c o n t a i n i n g  

Cd a n d / o r  Sn were made u s i n g  e l e c t r o n  m i c r o g r a p h s .  

P r o p e r t i e s  were d e t e r m i n e d  a t  t e m p e r a t u r e s  t o  -423OF 

f o r  s e l e c t e d  c o m p o s i t i o n - t e m p e r  c o m b i n a t i o n s  of  7000 s e r i e s  

a l l o y s .  F o r  c o m b i n a t i o n s  h a v i n g  s t r e n g t h s  a p p r o x i m a t e l y  e q u a l  t o  

t h e  c o n t r a c t  m i n i m u m  s t r e n g t h  g o a l s ,  t h e  n o t c h  s t r e n g t h  r a t i o  a t  

-423OF was e q u a l  t o  t h e  c o n t r a c t  m i n i m u m  r a t i o  o f  0.9. 

m o s t  p r o m i s i n g  p r o p e r t i e s  were  f o r  M793. 

T h e s e  

When t h e  most  p r o m i s i n g  c o m p o s i t i o n - t e m p e r  c o m b i n a t i o n s  

of t h e  2000 and 7000 s e r i e s  a l l o y s  a r e  compared ,  i t  was shown t h a t  

b o t h  g r o u p s  a p p r o a c h  t h e  m i n i m u m  s t r e n g t h  g o a l s  and  t h e  minimum 

n o t c h  t o u g h n e s s  g o a l s .  The m a j o r  d i f f e r e n c e  b e t w e e n  t h e  two a l l o y  

g r o u p s  i s  t h e  t e m p e r a t u r e  s e n s i t i v i t y  o f  t h e  n o t c h  t o u g h n e s s .  

A d d i t i o n a l  work on t h e  e f f e c t  o f  a g i n g  t r e a t m e n t s  on  t h e  

n o t c h  t o u g h n e s s  o f  t h e  Al-Zn-Mg a l l o y s  h a s  shown t h e  f o l l o w i n g .  

F i r s t ,  a h i g h  s o l u t e  a l l o y  i n  a n  u n d e r a g e d  temper a p p e a r s  t o  h a v e  

s l i g h t l y  l o w e r  n o t c h  t o u g h n e s s  t h a n  a n  a l l o y  w i t h  l e s s  s o l u t e  a t  

f u l l  s t r e n g t h ,  p r o v i d e d  t h e y  h a v e  e q u a l  y i e l d  s t r e n g t h s .  S e c o n d ,  

t h e  n o t c h  t o u g h n e s s  a p p e a r s  t o  d e c r e a s e  a b r u p t l y  d u r i n g  i s o t h e r m a l  

a g i n g  a t  s t r e n g t h s  n e a r  or j u s t  beyond t h e  maximum. W i t h  e x t e n d e d  

o v e r a g i n g ,  some i n c r e a s e  i n  n o t c h  t o u g h n e s s  i s  o b t a i n e d .  

The e f f e c t  o f  Z r  on t h e  m i c r o s t r u c t u r e  of a 7000 s e r i e s  

a l l o y  was s t u d i e d  u s i n g  t h e  e l e c t r o n  m i c r o s c o p e  t o  d e t e r m i n e  i n  

w h a t  way Z r  i m p r o v e s  t h e  n o t c h  t o u g h n e s s .  Z r  was shown t o  
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r e t a r d  r e c r y s t a l l i z a t i o n .  A p rog ram t o  d e t e r m i n e  i f  n o t c h  t o u g h n e s s  

i s  d e p e n d a n t  on t h e  d e g r e e  of r e c r y s t a l l i z a t i o n  d i d  n o t  r e v e a l  

any  d i r e c t  c o n n e c t i o n  between n o t c h  t o u g h n e s s  and t h e  d e g r e e  of 

r e c r y s t a l l i z a t i o n .  

ANTICIPATED WORK ------------ 

Dur ing  J u n e  a l l  work o n  P h a s e  111, advanced  e v a l u a t i o n  

o f  s e l e c t e d  a l l o y s ,  s h o u l d  b e  f i n i s h e d ,  w i t h  t h e  e x c e p t i o n  o f  

l o n g  term s t r e s s  c o r r o s i o n  t e s t i n g .  E v a l u a t i o n  o f  t h e  p l a n t  

p r o d u c e d  m a t e r i a l  s h o u l d  b e  w e l l  underway by t h e  end  of  J u n e .  

An a n n u a l  summary r e p o r t  w i l l  be  p r e p a r e d  t o  b e  s u b m i t t e d  i n  

J u l y .  

Dur ing  May, 571.5 man-hours  w e r e  expended  on t h i s  

c o n t r a c t .  
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TABLE V I  

SUMMARY OF P R O P E R T I E S  FOR ISOTHERMAL AGING AT 225OF 

A g i n g  T i m e  
a t  225OF 

1 h r  

4 

16 

48 

168 

1 h r  

2 

4 

8 

16 

48 

168 

M790 

72.3 53.7 14.8 1.14 91 

72.3 56.0 14.0 1.18 96 

77.2 65.0 12.0 1.18 79 
80.0 71.0 11.0 1.17 69 

80.7 74.2 10.2 1.18 .60 

M792 

85.4 67.6 12.8 1.05 69 

88.0 73.0 11.5 1.04 55 
89.8 7'7 8 10.0 96 50 

86.4 70.6 i:? .8 1.02 .64 

91.3 a2.2 9.8 83 45 

93.8 87.1 7.8 .81 .41 
94.2 90.1 6.8 .82 .41 
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TABLE VI1 

SUMMARY OF PROPERTIES FOR ISOTHERMAL AGING AT 250°F 

A g i n g  T ime  
a t  250°F 

2 h r  

4 

8 

48 

96 

168 

336 

2 h r  

8 

48 

96 

168 

336 

TS YS  $ E l .  
k s i  k s i  i n  2" 

- M790 
I_ - 

73.6 59,2 13.5 

77.2 65.8 12.8 

77.5 68.0 10.8 

77.0 71.2 10.5 

77.6 71.4 10.5 

76.6 71.0 11.8 

71.7 64.. 6 11.8 

- M792---- 
86.8 75.6 1 2 . 5  

91.8 86.3 8.2 

92 .a 89.6 7.5 

92.4 88.4 7 .5  

86.0 82.5 9.8 

80.6 76.1 11.2 

1.20 .86 

1.21 .80 

1.19 79 

1.21 73 
1.20 .64 

1.24 .66 

1.26 .81 

95 52 

.84 .44 

0 90 .41 

92 9 38 
1.09 .46 

1 .22  58 
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122/6/6 50, OOOX 

Figure 1 - Structure of 2219 with no deformation 
before aging. 
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122/12/6 50, OOOX 

18 

Figure 2 - Structure of 2219 with l - l / 2 %  deformation 
before aging. 
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12 2/ 12/4 50, OOOX 

Figure 3 - Structure of 2219 with 10% deformation 
b ef ore aging. 
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S- 29 1090- A3 50, OOOX 

Figure 4 - Structure of 0.064 in. sheet  of 2219 + Cd + Sn 
which was aged 12  hrs .  at 325°F. 
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S- 29 1183 -C2 50, OOOX 

Figure 5 - Structure of 0.064 in. sheet of 2219 + Cd + Sn 
which was stretched 1-1/2% and aged 8 hrs .  
a t  325°F. 
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S-291081-02 50, OOOX 

Figure 6 - Structure of 0.064 in. sheet of 2219 + Cd + Sn 
which was pre-aged 2 hrs .  a t  300"F, s t re tched 
1-1/2% and aged 8 hrs .  a t  325°F. 



S-29 1819 500X Keller's Etch 

Figure 7 - Structure of 0.525 in. plate of 2219 + Cd + Sn 
which was stretched 1-1/2% and aged 8 hrs .  
at 325°F. 

S-29 1905 5 OOX Keller's Etch 

Figure 8 - Structure of 0.525 in. plate of 2219 + Cd + Sn 
which was pre-aged 1-1/2 hrs. at 300"F, 
stretched 1-1/2% and aged 8 hrs. at 325°F. 
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Yield S t r e n g t h  a t  R.T.  - ksi 
Figure 11 - Effect  of aging at 225OF on the y i e l d  strength 

and n o t c h  toughness of M790 and M792, 
Notched round specimens (K+ = lo ) ,  
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1 I I 1 I I l l  1 I 1 I I l l I  I I I  

F i g u r e  12 - E f f e c t  of  a y i n q  a t  2503F on t h e  y i e l d  strength 
and n o t c h  t o i l g h n e s s  O f  M790 and M792. 
Noicf:dd r o w u  s p e c i p n b  ( K ,  = 1Q). 
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Y i e l d  S t r e n g t h  a t  R.T. - k s i  

F i g u r e  13 - E f f e c t  of a g i n g  t r e a t m e n t  on t h e  n o t c h  
t o u g h n e s s  of t h e  7000 s e r i e s  alloys. 
Notched r o u n d  s p e c i m e n s  (Kt J 10). 
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S-291321 50, OOOX 

Figure 14 - Typical microstructure of M790 
( 6 . 5  Zn, 2.5 Mg) 
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S-291246 50, OOOX 

Figure 15 - Typical microstructure of M791 
(6.5 Zn, 2.5 Mg, .10 Zr) 
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